Tree growth strongly responds to climate change, especially in semiarid mountainous areas. In recent decades, China has experienced dramatic climate warming; however, after 2000 the warming trend substantially slowed (indicative of a warming hiatus) in the semiarid areas of China. The responses of tree growth in respect to elevation during this warming hiatus are poorly understood.
Introduction
Climate exerts a strong influence on tree growth through specific physiological thresholds of temperature and water availability [1] . In recent decades, dramatic warming has occurred around the world [2] , most prominently after the 1980s [3] . A series of studies have recognized that climate warming has dramatically altered tree growth [4] [5] [6] [7] [8] [9] , and there is evidence indicating the responses of forest growth to climate warming vary at different elevations [10] [11] [12] [13] . Since 2000, however, the warming trend has substantially slowed, which aligns with the worldwide deceleration in warming known as the global warming hiatus [14] [15] [16] ; thus, the forest growth trends have been altered in semiarid regions [17] . However, how tree growth responds to this warming hiatus at different elevations remains unclear.
Dozens of previous studies have investigated tree growth patterns and their relationships with climate warming in semiarid regions, but a consistent conclusion has not been reached [4] [5] [6] [18] [19] [20] . Some studies indicate that a warming climate at the regional or global scale is often presumed to be responsible for tree growth declines and mortality [5, 6, 18, 19] . Forests in semiarid areas are subjected to seasonal or episodic drought stress [21, 22] and could be particularly sensitive to rapid climate change. Meanwhile, due to the amplified water limitation caused by climate warming, the decline in forest growth might be accelerated [8, 19, 23] . However, there is some evidence that rising temperature enhances tree growth at some sites where warmth is a prevailing limiting factor [4, 12, 20] . Therefore, the response of tree growth to climate warming has strong local heterogeneity and could be attributed to different hydrothermal combinations, which are caused by the vertical zonality of climate at different elevations [12] .
Many studies have investigated the response of tree growth to climate warming at different elevation gradients in semiarid and arid regions [5, 13, 24] . There are two main perspectives about tree growth patterns and their relationships with climate factors at high elevations. Some studies have found that tree growth at high elevations is sensitive to temperature [25, 26] . Increasing temperatures have been reported to increase tree growth at high elevations [11, 13, 25] . However, other studies have observed that tree growth at high elevations could be impaired by high temperatures, mostly due to hotter droughts exacerbating water deficits [6, 27] . It is generally believed that rapid warming reduces tree growth at low elevations [22, 28] . These studies have revealed that tree growth at low elevations could be more sensitive to warming-induced increases in atmospheric moisture demand; thus, these trees more readily suffer from temperature-induced drought. These results are mediated by diverse climate regimes and species-specific traits, and the impact of rapid warming on tree growth could change with elevation or site [6, 13, 29] .
Most relevant works, such as those mentioned above, have focused on the effect of rapid warming on tree growth. However, the global warming trend has slowed since 2000, and the warming hiatus may be tied to equatorial Pacific surface cooling [15] . Additionally, there are reports that indicated this reduction in warming arises through the combined effects of internal decadal variability, volcanic and solar activity, and decadal changes in anthropogenic aerosol forcing [14] . A warming hiatus affects vegetation changes in terrestrial ecosystems [17, 30, 31] . Ballantyne et al. (2017) found that this warming hiatus may have increased net biome productivity (NBP) globally. Due to the warming hiatus after 2000, terrestrial net ecosystem production of China showed a decadal-scale shift from a downward trend during 1982-2000 to an upward trend during 2000-2010 [31] . In the Qilian mountains, this warming hiatus resumed the trend of increasing tree growth [17] . Whether the tree growth response to warming hiatus shares a similar pattern at different elevation gradients remains unclear. Here, to better understand tree growth at different elevations in response to the warming hiatus, we investigated the impacts of climate change on tree growth in the central Qilian Mountains in Northwest China based on a stand-total sampling strategy along an elevational gradient. The main aim of this study was to evaluate the patterns of tree growth at different elevations under climate warming and warming hiatus climatic conditions. We hypothesized that increased growth of Qinghai spruce (Picea crassifolia Kom.) might occur at all elevations across the whole forest belt during the warming hiatus; however, the increasing tree growth trend at low elevations should be much weaker than that at high elevations because of drought limited tree growth at low elevations.
Materials and Methods

Study Area and Sampling Plots
The Qilian Mountains in Central Eurasia, located on the Tibetan Plateau, the Loess Plateau and the junction of the Inner Mongolia-Xinjiang deserts, are located on the border between the Qinghai and Gansu provinces of northern China. The study area is in a transition zone between two dominant climate patterns, i.e., the East Asian monsoon and the westerlies. A mix of these two climate patterns occurs in the Heihe River basin in the middle of the Qilian Mountains, where primary Qinghai spruce forests are distributed [32] . For the 1960-2013 period, the mean annual temperature at the study site was 1.1 • C (Figure 2a ). The mean annual precipitation was 389.7 mm ( Figure 2b ). The elevation range is generally 2000-4000 m a.s.l. (Tuanjie Peak, 5826 m a.s.l.) in the Qilian Mountains. Our study area is located in the central Qilian Mountains, Gansu Province (38 • 22 -38 • 35 N, 100 • 17 -100 • 19 E); the highest summit in our study area is 3800 m a.s.l. Qinghai spruce is an indigenous evergreen conifer tree species that dominates most of the cold evergreen coniferous forest belt, vertically ranging from 2600 to 3300 m a.s.l. (including moss-spruce forests, shrub-spruce forests, and meadow-spruce forests along the elevational gradient) in the Qilian Mountains in northwestern China [33] . Qinghai spruce forests are an important agent for soil and water resource conservation in mountainous regions. It is important to understand how the elevation-related Qinghai spruce growth responds to climate to appropriately manage forests, forecast forest dynamics, and manage ecological and social development in this region.
In summer 2014, seven plots 20 m × 20 m in size and without signs of physical damage, were chosen at different elevations across the whole forest belt, vertically ranging from 2550 to 3300 m a.s.l. (Figure 1 ). The elevation interval between plots was approximately 100 m. The plots at 2550 m and 3300 m were located in the low and alpine tree line ecotones, respectively. All seven plots were located on shaded slopes, with similar slopes of approximately 23-41 • . 
Tree-Ring Sampling and Laboratory Treatment
In each plot, two increment cores, one parallel to the slope and another parallel to the contour, were collected from all trees with diameter at breast height (DBH) >5 cm and height >2 m using a 5.15 mm increment borer. The cores were extracted at 1.3 m above the ground. The DBHs and heights were also recorded. Basic information regarding elevation, aspect, slope, canopy density of each plot, density, age and DBH of the trees was also recorded during field work ( Table 1) . Cores were air dried and fixed into grooved wooden strips. The samples were sanded with coarse-to-fine grain sandpaper until the tree rings became clearly visible, and then they were measured using a LINTAB semiautomatic measuring device. Ring-width series were measured to an accuracy of 0.01 mm. The quality of all measurement series was then checked using COFECHA software [34] . We discarded series that were not correlated with the entire dataset.
In general, tree-ring series are usually detrended and standardized to remove long-term growth trends and maximize the common climatic signal between trees [35] . However, in this study, we were more interested in the long-term trends of tree growth and unstandardized basal area increment (BAI) was used to display the growth trend of the trees.
Ring width was converted into tree BAI according to the following standard formula:
where R n and R n−1 represent the tree radial radius values of year n and year n − 1, respectively [36] . BAI n is the BAI value for year n.
Climate Data
Climate data (including temperature and precipitation) were obtained from the closest standard meteorological station, with similar elevations to those in our study area: Qilian station (38 • 6 36 N, 100 • 9 E, 2787.4 m a.s.l.), which is located approximately 50 km south of the study area. The drought indices were determined using the standardized precipitation evapotranspiration index (SPEI), which considers the impacts of both potential evapotranspiration and precipitation [37] . The SPEI datasets were downloaded from the global SPEI database (available at http://sac.csic.es/spei/database.html), and the data analyzed in this study were obtained from a version history of SPEIbase v2.5 at the time scale of 12 months.
Based on the daily weather data, the climate variables, including monthly (over an 18-month window from May of the previous year to October of the current year), seasonal (spring: March-May, summer: June-August, autumn: September-November, and winter: December-February), mean temperature, mean SPEI and summed precipitation of the prior July to the current June (P7-C6) and the current May to August (C5-C8), were calculated from 1960 to 2013.
Statistical Analysis
In this study, we used middle age class trees (aged between 60 and 120 years, namely, germinated from 1954-1894) to estimate the difference in tree growth between different elevations. We calculated the subsample signal strength (SSS) of each plot to indicate the statistical reliability of the chronology when the SSS reached 85%, indicating that the samples were sufficient for further analysis. The years when the SSS reached 85% differed across the plots, but each plot had a value earlier than 1937.
Simple linear models (ordinary least squares regression equations) were used to model the temporal trends of tree growth. Tree growth trend was the slope of the regression line of the mean BAI chronologies for each plot. When the slope value was positive, it indicated that tree growth increased. The larger the value was, the more significant the increase was. In contrast, when the value was negative, tree growth decreased.
The tree growth-climate relationships were analyzed for the period 1960-2013. Pearson's correlations between the BAI chronologies and the climate variables (first using seasonal climate data and then monthly data that included mean temperature, precipitation and SPEI) were calculated to examine the main climatic factors affecting Qinghai spruce growth for the common period of 1960-2013. After that, we further analyzed the relationships between the BAI chronologies and main climate factors during the sub-periods 1960-1980, 1980-2000 and 2000-2013 to determine the main climatic factors limiting tree growth.
Results
Climate Ttrends in the Middle Qilian Mountains in Recent Decades
Over the past six decades, a warming trend was observed across the study area ( Figure 3a Figure 3c , which measures drought severity according to its intensity and duration. There was a clear wetting trend from 1960-1980 (p = 0.011), followed by a drying trend from 1980-2000. After 2000, the SPEI exhibited an increasing trend, and the warming hiatus was accompanied by increasing precipitation; furthermore, a wetting trend appeared in this period once again ( Figure 2 ).
Patterns of Tree Growth along Elevation
Based on the statistical analysis methods in Section 2.4, the BAI data were statistically reliable for further analysis after 1960. Figure 3a shows that the mean annual BAI of all trees significantly increased during the periods from 1960-1980 (slope = 6.43 mm 2 year −1 , p < 0.01) and 2000-2013 (slope = 4.55 mm 2 year −1 , p < 0.1) within the seven plots across the whole forest belt, while those in the period from 1980-2000 showed a remarkable decline (slope = −6.75 mm 2 year −1 , p < 0.01). For each sub-period, we found significantly different mean BAI temporal trends across different elevations (Figure 3b ). For the sub-period from 1960-1980, increased growth trends were consistently observed at all elevations, and the growth trend increased with increasing elevation (uptrend from 2.27 mm 2 year −1 in 2700 m to 10.01 mm 2 year −1 in 3300 m), with a standard deviation (STD) of 2.82 mm 2 year −1 . A significant decrease in the growth trend from 1980 to 2000 was detected at elevations from 2550 m to 3180 m, with the decreasing trends all being significant at a level of 0.01; however, there was no significant decrease at the elevation of 3300 m (p > 0.1). In this sub-period, the STD was 2.49 mm 2 year −1 .
For the sub-period from 2000-2013, the BAI exhibited an increasing trend at all elevations, while the trees from 2550 m to 3180 m showed a markedly weaker increasing trend, with an annual rate of increase of 1.60 to 4.43 mm 2 (p > 0.1). Additionally, trees at the 3300 m plot showed a significant increasing growth trend, with an annual rate of increase of 23.56 mm 2 (p < 0.01). The difference in tree growth trends along elevations in the sub-period from 2000-2013 (STD was 7.69 mm 2 year −1 ) was dramatically greater than those during the sub-periods from 1960-1980 and 1980-2000 (Figure 3b ). 
Growth-Climate Relationships
In our study region, there was a striking change in the correlation patterns over different seasonal and monthly window climates and BAI chronologies across the whole forest belt at the different elevations. The BAI chronologies at 2700 m, 2800 m, 2900 m, 3000 m and 3180 m showed significantly (p < 0.05) negative correlations with temperatures in the previous July and current June (Figure 4a) . The chronology at the highest elevation of 3300 m showed a strong positive correlation with temperature. Significant correlations between BAI and temperature were absent at the lowest plot of 2550 m. For the correlation coefficient between the BAI and precipitation, there were only three BAI chronologies (at 2550 m, 2900 m and 3300 m) that were positively correlated with precipitation from the prior July to the current June (Figure 4b ). The correlations between the BAI chronologies and SPEI levels showed that there were differences across elevations. The BAI chronologies in the low-elevations plots (2550 m, 2700 m, 2800 m, 2900 m) showed strong positive correlations with the SPEI; however, markedly weakened and mostly positive correlations were observed in the high-elevation plots (3000 m, 3180 m, 3300 m). A significant positive correlation was found in the summer months between May and August (Figure 4c ). This result indicates that the temperature in the current June, the precipitation from July in the previous year to June in the current year and the current May to August SPEI were the main climate variables that drove the tree growth trend changes. 
Impacts of Main Climate Factor Changes on Elevation-Related Tree Growth
There were three sub-periods with significantly different correlations between the BAI chronologies and main climate factors. In particular, the correlation coefficient (r) between the BAI chronologies and temperature were conspicuously different in each sub-period. For the period from 1960-1980, the negative relationships between BAI chronologies and temperature were not significant (p > 0.05); however, positive, but not significant (p > 0.05), correlations were observed in the period from 2000-2013. Furthermore, the correlations between the BAI chronologies and temperature were significantly negative in the period from 1980-2000 (p < 0.05), except for that at the 3300 m elevation (Figure 5a ). Meanwhile, the BAI chronologies were positively correlated with precipitation for all three sub-periods (Figure 5b ), while those relationships were weakest in the period from 1980-2000 (p > 0.05) and remarkably different in the periods from 1960-1980 (p < 0.05) and 2000-2013 (p < 0.05). Regarding the correlation between the BAI chronologies and the current May to August SPEI (Figure 5c ), the BAI chronologies were mostly significantly and positively correlated with the current May to August SPEI (p < 0.05) in each sub-period. On the other hand, the climate-growth relationships varied along the elevations. In each sub-period, the correlation coefficients between the BAI chronologies and main climate factors (i.e., SPEI, temperature and precipitation) all showed a downward trend with increasing elevation, except for the correlation coefficient between the BAI chronologies and temperature at 3300 m in the period from 2000-2013, which showed a significant positive trend (r = 0.715, p < 0.01). Overall, during the period from 1980-2000, warming temperatures were found in this study area but were not accompanied by increases in precipitation, suggesting that there were hotter droughts in this period ( Figure 2) ; therefore, tree growth was limited by hotter drought conditions during that period. After 2000, with the warming hiatus and increasing precipitation, the climate became wetter again (Figure 2) , and the hotter drought restrictions on tree growth were alleviated. Meanwhile, tree growth in the high-elevation plots (especially at 3300 m) was unconstrained by hotter droughts (Figure 5a ), and warm temperatures prominently stimulated tree growth at an elevation of 3300 m during the period from 2000-2013.
Discussion
The Role of Climate Change on the Three Sub-Periods of Tree Growth
Tree growth experienced a decreasing trend from 1980 to 2000 across the whole forest belt in the range of 2550-3300 m, but this decreasing trend shifted to an increasing trend after 2000. The remarkable decline in tree growth could not be the result of senescence because related studies have shown that Qinghai spruce should keep growing fast before they enter into the senescence stage at an age of approximately 120-140 years [38] . There is no evidence of negative BAI trends in healthy trees with stable climate, except for in the scenarios of tree senescence and impending death [39, 40] . Dendrochronology studies have also shown that the BAI of healthy trees exhibited an increasing trend for multiple decades after reaching an asymptotic level [18, 41] . The Qinghai spruce trees in our study area were mainly dominated by young and middle-aged forests, and the ages of trees used in this study were less than 120 years old as of 2013. This means that the tree growth data in this study are not from older trees, and the BAI should theoretically show a continuous increasing trend. Thus, the declining BAI trend after 1980 was not due to tree age.
In this study, there were not any forest structure changes, such as in tree density, or any human disturbances in recent decades in the sample plots. Thus, any BAI change trends should be due to climate change, which further produces a variety of stresses on tree growth, including water deficit and drought [19, 21, 42] . Related studies have found that Qinghai spruce growth was most sensitive to limited moisture conditions and tree growth and growth cessations were controlled by moisture availability [10, [43] [44] [45] .
The rapid warming in recent decades, which was accompanied by an increase in drought stress, impaired tree growth [22, 46] . The effects of warming-induced drought stress on tree growth have been observed in Korean pine (Pinus koraiensis Sieb. et Zucc), European beech (Fagus sylvatica L.), Scots pine (Pinus sylvestris L.), Norway spruce (Picea abies (L.) Karst.), trembling aspen (Populus tremuloides Michx.), and Qinghai spruce [9, 29, 44, 47, 48] . Our results that show a declining trend of Qinghai spruce from 1980-2000 also prove this. The warming-induced drought was caused by the increase in potential evapotranspiration after warming, which led to enhanced soil water loss. As such, this change resulted in a decreased tree growth rate due to this warming-induced drought. After 2000, however, the warming trend substantially slowed, which aligns with the worldwide deceleration in warming, known as the global warming hiatus [14] [15] [16] . In our study area, the warming hiatus, combined with the increased precipitation, formed a wetter climate that relieved the drought stress [17] . Warming could also prolong the length of the growing season [12, 29] . Therefore, tree growth benefited from a longer growing season and a wetter climate, which allowed the tree growth to increase after 2000. Gao et al. (2018) also observed an increasing growth trend of Qinghai spruce trees in the Qilian Mountains.
Variation in the Growth-Climate Relationship along Elevations
In this study, different numbers of cores that ranging from eight to 122 at different elevations were used, which depended on uneven stand densities at research plots (Table 1 ). However, this difference did not have a strong effect on the tree growth trend comparisons in the 1960-2013 period, as the same cores were used for the whole 1960-2013 analysis period, and the mean tree BAI for each plot was calculated to analyze the tree growth trends.
During the period from 1960-1980, increased growth trends were consistently observed at all elevations (Figure 3b ), and the tree growth trend differences among the elevations were small (with a standard deviation of 2.82 mm 2 year −1 ). However, after 2000, the tree growth trend at the 3300 m plot rapidly increased, while the trees at the 2550 m to 3180 m elevations showed markedly weaker increasing trends. The main reason for this result was that the 3300 m plot had relatively lower evapotranspiration than the 2550-3180 m plots; therefore, these trees suffered from less temperature-induced drought. Meanwhile, the increasing temperature significantly promoted tree growth at 3300 m. To a certain extent, lower stand density at the 3300 m plot also played some role in mitigating the effects of warming-induced drought and was favorable for tree growth. In general, the impacts of warming on tree growth varied along the elevations.
It was clearly shown that forest densities at the 2550-3180 m elevations were much greater than the density at the 3300 m elevation (Table 1) , which might help explain the high growth rate of individual trees at the 3300 m elevation. Plant interactions can regulate plant communities, and this role can be altered by abiotic stress [49, 50] . With increasing climate stress, the role of competition is decreased [51] . In our study region, the trees at low and middle elevations suffered from more competition than those at the high elevation. Moreover, forests in the low and middle elevations were confined by more drought stress, i.e., climate stress in the low and middle elevations was harsher than at the high elevation. Therefore, competition plays an even weaker role when forests suffer from climate change.
The rapid warming during the period from 1980-2000 significantly decreased tree growth at all elevation plots, except the 3300 m plot (p = 0.16), and the tree growth trend decreased gradually with elevation. Tree growth at the lower and middle elevations showed decreasing trends, as demonstrated by many previous studies [5, 11, 13, 47] . For example, in Northeast China, Zhu et al. (2018) found that the growth of Yezo spruce trees (Picea jezoensis (Siebold & Zucc.) Carrière) at low elevations showed a declining trend after 1980; but this species showed increased tree growth at high elevation plots. However, in the Qilian Mountains, tree growth at different elevations had similar growth patterns [10, 44] . As shown in this study, at all elevation plots, tree growth showed a decreasing trend during the rapid warming period of 1980-2000, but comparatively, tree growth at the highest elevation plot (3300 m) had a decreasing trend that was much slower than those at the lower and middle elevations.
The growth trends of the Qinghai spruce trees at different elevation plots were consistent with the growth-climate relationships. During the period from 1980-2000, trees at the lower elevations (2550-2900 m) showed a similar response to the main climate variations as those trees in the middle elevations (3000-3180 m). They showed a comparably remarkable correlation between the BAI chronologies and the current May to August SPEI and temperature in June, although the correlations at the 3000-3180 m elevations were weaker than at the 2550-2900 m elevations. However, tree growth rate at the high elevation (3300 m) was not significantly correlated with climate variations. This result suggests that the SPEI and temperature played major roles in the tree growth surge in this period, especially in the lower and central forest areas. Tree growth was sensitive to increased temperature in arid and semiarid areas [22, 52] and warming was considered a potential driver of drought [8] . The SPEI considers the impacts of both potential evapotranspiration induced by temperature and precipitation [37] . In this study, SPEI was used as an index to describe drought intensity and air temperature was the index used to describe warming. In the period of 1980−2000, warming, i.e., temperature increase, but without precipitation increase caused a smaller SPEI and was expected to exacerbate drought for the whole forest belt on the Qilian Mountains. The lower and middle elevations suffered from relatively high potential evapotranspiration [53, 54] , which might have been impaired by temperature-induced water deficits [43] [44] [45] . Therefore, the decreasing tree growth trends in these areas were greater than those at the highest elevation plot.
The warming hiatus was found to have a greater contribution to tree growth at high elevations, such as in the Altay-Sayan region of Siberia [55] . In our study, after 2000, the tree growth trend also increased. The tree growth trend from 2550 m to 3180 m (p > 0.19) was much weaker than that at 3300 m (slope = 23.6 mm 2 year −1 , p < 0.01). Correlations between the BAI chronologies at the different elevation plots and drought index showed negative effect of drought on tree growth, except for the 3300 m plot, supporting the hypothesis that moisture availability played a key role in the tree growth trends. However, the significantly positive correlations with temperature at the 3300 m plot supported the hypothesis that temperature played a major role in tree growth at that elevation. This result means that temperature was the critical factor at 3300 m rather than moisture under the wetter climate formed by the warming hiatus in the 2000s. However, for the low and middle elevations, moisture was still the critical factor.
Tree growth plasticity enables trees to grow slowly during periods with poor growing conditions; however, when the conditions improve, increased tree growth resumes [56] . Plants exhibit resistance to external stress through morphological and physiological changes that improve their adaptability to environmental stress [57, 58] . The stress resistance generated by plants enables them to resume growth when the external pressure is within the adaptive threshold range. Thus, once a temperature-induced drought has been alleviated, increased tree growth can resume. However, the temperatures were still high even though the rapid warming slowed. For the 2550-3180 m plots, where evapotranspiration was higher, moisture availability was still a dominant factor limiting tree growth. With relatively lower evapotranspiration compared with that of the 2550-3180 m trees, the 3300 m plot had a higher growth trend. On the other hand, dozens of previous studies have determined that high elevation tree growth benefits from higher temperatures [12, 20] ; additionally, when there is sufficient moisture to support growth, the growing season becomes longer. Therefore, the increasing tree growth trend at the 2550-3180 m elevations was much weaker than that at 3300 m.
The Implications for Forest Management
Researchers and climate institutions have now declared the warming hiatus to be 'over' [16] , and rapid warming will recover and intensify; thus, Qinghai spruce at the low and middle forest belt elevations may suffer from increased water deficit, and tree growth may decline or trees may die. Qinghai spruce is an important agent for soil and water resource conservation in mountainous regions. Therefore, it is important to maintain tree growth, especially in trees at low and middle elevations, which could be relieved of drought stress by reducing stand density appropriately to maintain tree growth. Meanwhile, Qinghai spruce at higher elevations may experience accelerated growth, and climatic warming trends may promote an upward shift in the alpine tree lines [59] , so higher elevations are more conducive to the transplantation and survival of this species.
Conclusions
In this study, tree growth of Qinghai spruce and the climate-growth relationships in the Qilian Mountains were analyzed from 1960 to 2013 based on tree-ring data collected from seven different elevation plots. The main conclusions are summarized as follows: Tree growth showed three sub-periods where the trends changed at the forest belt level, namely, tree growth showed increasing trends during the periods from 1960-1980 (slope = 6.43 mm 2 year −1 , p < 0.01) and 2000-2013 (slope = 4.55 mm 2 year −1 , p = 0.09) and significant declines in the period from 1980-2000 (slope = −6.75 mm 2 year −1 , p < 0.01), which were mainly driven by changes in moisture availability. These shifting tree growth trends were associated with climate condition changes as well as with hotter droughts in the study area. Due to the varying climatic factors, BAI trends were significantly different across different elevations, especially after 2000, when tree growth trends at the low and middle elevations of the forest belt were much slower than at the high elevation. In this period, moisture availability was still a dominant limiting factor of tree growth at the lower elevations and central forest areas, but temperature was significantly positively correlated with tree growth at 3300 m, suggesting that temperature-enhanced tree growth and prolonged growing seasons benefited tree growth at higher elevations. Our results suggest that climate change drove contrasting growth patterns among the vertical distribution belt ranging from 2550 to 3300 m in elevation. So, it is important that elevation-dependent management strategies be developed to maintain sustainable forests in the study region under estimated future climate change. 
